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INTRODUCTION. 


Because of the increasing importance of the pecan industry the 
Bureau of Entomology in 1913 established a field station at Mon- 
ticello, Fla., for the purpose of studying pecan insects under the most 
advantageous conditions. The writer was placed in charge of the 
investigations, under the direction of Dr. A. L. Quaintance. In the 
spring of 1914 Mr. A. I. Fabis was detailed to assist in the work of 
this station. Extensive investigations, covering a period of nearly 
four years, have shown the value of certain repressive measures for 
the control of some of the more injurious pecan insects and have 
resulted in the compilation of considerable data on their life histories 
and natural enemies. One of the principal insect pests with which 
the pecan grower has to contend is the pecan leaf case-bearer (Acro- 
basis nebulella Riley). ‘The present publication is intended to give the 
information now available concerning the life history and control 
of this insect. 

The writer wishes to thank the various pecan growers who have 
rendered assistance in this work. 


1 Acrobasis nebulella Riley; order Lepidoptera, family Pyralidae, 
102524°—17—Bull. 571—1 
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HISTORY. 


The pecan leaf case-bearer (Acrobasis nebulella) was first described 
by Riley in 1872 (1),1 under the name Phycita (Acrobasis) nebulo 
Walsh var. nebulella, from a single specimen reared from wild crab 
(Crataegus sp.). In 1887 Ragonot (2) described this insect as a 
“new species,” naming it Acrobasis palliolella, and in the following 
year Hulst (3) also described it as ‘“‘new to science,’”’ under the name 
Acrobasis albocapitella. In 1890, in Hulst’s article on “The Phyci- 
tidae of North America”’ (4), albocapitella Hulst is listed as a synonym 
of palliolella Rag., and Riley’s original description of this insect is 
given under the name Mineola indiginella Zell., var. nebulella. 
Ragonot (5), in 1893, in his “‘ Monographie des Phycitinae et des Gal- 
lerimae,”’ treated Riley’s nebulella as a variety of Acrobasis indiginella 
Zell., and Acrobasis palliolella as a distinct species, giving albocapi- 
tella Hulst as asynonym. The same classification is given in Dyar’s 
‘List of North American Lepidoptera” (7), except that the species 
indiginella is placed in the genus Mineola. In Florida, in 1901, 
Gossard, then State entomologist (6), mentioned injury to pecans by 
Mineola juglandis and Acrobasis caryae, but the writer is of the 
opinion that some of this injury, if not all, should have been attributed 
to the pecan leaf case-bearer (Acrobasis nebulella Riley). In 1902 
Gossard (8) again made brief mention of what was undoubtedly this. 
species under the name ‘‘pecan bud-worm.” Fiske (9), in 1902, 
under the caption ‘‘Notes on certain injurious insects in Georgia,” 
gave life-history notes and suggested remedies for the pecan leaf- 
crumpler, which was presumably the insect discussed in this publica- 


tion. The following year (1903) Chittenden (10) reported damage | 


to pecan buds in Georgia by this species, and Herrick (11), in 1904, 
referrig to Chittenden’s report of injury in Georgia durmg 1902, 
gave notes on Acrobasis sp. It would appear that the life-history 
notes given in Herrick’s article pertam to the pecan bud-moth 
(Proteopteryx bolliana Sling.) and not to the pecan leaf case-bearer. 
In 1905 Gossard (12), still the Florida State entomologist, gave an 
extended account of this insect, but unfortunately confused some of 
his notes and photographs on this species with those of the pecan 
bud-moth. In 1909 Herrick (14) published a bulletin on this species, 
giving remedies and incomplete life-history notes, as based on its 
occurrence in Texas. Durmg the same year (1909) Dyar (13), under 
the caption ‘‘ Notes on the species of Acrobasis, with descriptions of 
new ones,’ gave notes on both -A. palliolella Rag. and A. nebulella 
Riley, stating that he ‘‘expects it will be found that POURS a is not 
more than a variety of nebulella Riley.” 

Worsham (15), in 1910, made a brief mention of this species as an 
pEponeny pest of pecan in Georgia, and in the following year (1911) 


i Reference is made by eee to ‘ rien Giteas a ipaiedts 


THE PECAN LEAF CASE-BEARER. j 8 


Chittenden (16) included it in his paper entitled ‘‘Insect enemies 
of the pecan.”’ Gossard (17), in 1913, under the caption ‘‘ Various 
insects affecting nut trees,’ gave a short account of this species 
and stated that errors crept into his publication (12) on insects of 
the pecan, with regard to the pecan case-bearer and the pecan bud- 
moth. ‘The life history and habits of the pecan leaf case-bearer were 
given by the writer in a paper read during the meeting of the Florida 
State Horticultural Society in 1914. 

The foregoing paragraphs include the more important references 
to this species in so far as the writer has been able to determine them. 


SYNONYMY. 


Dr. Dyar’s position on the synonymy of certain species of Acro- 
basis is defined in the following advice under date of August 4, 1914, 
given in answer to an inquiry of the writer: 


Palliolella is the male, nebulella the female of one species I believe. The males are 
generally whiter over thorax and base of wings. Nebulella (1872)=palliolella 
(1887). 


The synonomy of Acrobasis nebulella Riley is as follows: 


Phycita (Acrobasis) nebulo Walsh var. nébulella Riley, Fourth Ann. Rept. 
Ins. Mo., 1872, p. 41. 

Acrobasis palliolella Ragonot, Diag. N. A. Phyc., 1887, p. 4. 

Acrobasis albocapitella Hulst, Ent. Am., 1888, p. 116. 


It seems advisable to note that in 1909 Dyar (13) made the follow- 
ing statement concerning Acrobasis nebulella Riley: 


This name is listed as a variety of Mineola indiginella Zeller, but Riley’s type 
before me is clearly an Acrobasts and differs from palliolella only in the gray color of 
thorax and base of forewings. Minimella Rag., made to replace Hulst’s nigrosignella 
by Ragonot and referred to the synonymy of caryae Grote by Hulst, will find place 
here as a Synonym. 

DISTRIBUTION. 


The pecan leaf case-bearer is a native insect and is distributed 
more or less over the same territory as is its preferred hosts, the vari- 
ous hickories. The following records show that it is quite widely 
distributed throughout the United States. The distribution for 
Acrobasis nebulella Riley and Acrobasis palliolella Rag., along with 
certain notes as given by Dyar (13), is as follows: 


Palatka, Fla., on pecan, issued May 27, 1903; Olustee, Fla., June, 1904; Black Jack 
Springs, Tex. (through Dr. Wm. Barnes); Cairo, Ga., issued June 7, 1903; Blackshear, 
Ga., on pecan, issued May 28, 1902 (W. R. Williams); Washington, D. C., on walnut, 
issued June 7, 1903 (August Busck); Chicago, Ill., July 1900 (Coll. W. B. Kearfott); 
Atlanta, Ga. (W. M. Scott); Kerrville, Tex., at light, May 30 to June 1, 1906 (F. C. 
Pratt); Blackshear, Ga., on pecan, issued June 12, 1902 (Dept. Agr. No. 8637); Rhine- 
beck, N. Y., July 27, 1888 (H. C. Dyar), the last a female and the reference, therefore, 
less certain. 
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H. M. Russell reported this species as reared from pecan on May 
18 and 20, 1908, at Orlando, Fla. (Chittenden No. 348), and D. K. 
McMillan, at one time connected with the bureau, recorded it on May 
25, 1908, from pecan at Brownsville, Tex. (Chittenden No. 1045). 
The material on which Riley based his description was probably 
collected in Missouri, and the material on which Hulst (3) described 
this insect under the name Acrobasis albocapitella was taken in Canada 
(Ontario). Fiske (9) reported it from Georgia, Gossard (12) from 
Florida, and Herrick (14) from Texas (Cuero and College Station). 
The writer has seen it occurring in injurious numbers on pecan in 
Florida, Georgia, Alabama, Mississippi, Louisiana, and Texas. It 
has been reported to be injurious in South Carolina, and it is also 
known to occur in North Carolina and Virginia, but in these States 
apparently it does only minor damage. So far as is known, this in- 
sect ranks as a serious pest only in the southern part of the pecan- 
srowing area, but from the foregoing records it can be seen that 
the species is quite widely distributed over this country. 


FOOD PLANTS. 


In his original description, Riley (1) gave wild crab (@rataegus sp.) 
as the food plant from which a single specimen was reared. Dr. 
Dyar (13) made the following statement: ‘‘I have 23 specimens 
before me, 4 bred by Dr. Riley on hickory and walnut, including 
the type of nebulella,’”’ and he also gave numerous records of its 
occurrence on pecan. Dr. Dyar (13) also gave a record made by 
Mr. August Busck in which this insect was reared from walnut on 
June 7, 1913, at Washington, D. C., and Mr. M. M. High (14) found 
it on wild hickory near College Station, Tex. Gossard (12) reared 
it in abundance from the pecan in Florida, and Herrick (14) states 
that he ‘‘reared many specimens from pecan at Cuero, Tex., where 
it was very abundant and doing serious damage.” There are also 
many other records of this species occurring on pecan. So far as 
the writer’s experience goes, the larve have been observed feeding 
upon hickory, Japanese walnut, and pecan, and moths have been 
reared from material collected on pecan and hickory. The writer 
has not yet found the black walnut to be attacked, although not 
infrequently that species has been found growing in close proximity 
to badly infested pecan trees.. According to the writer’s observation 
and experience it is very difficult to find larve on various species of 
Hicoria other than H. pecan, even in sections where this species ranks 
as a pest in pecan orchards. This species shows a decided preference 
for the pecan, and in many sections of the South it is the most 
injurious insect affecting the culture of this nut. 

In making observations in pecan orchards in localities where this 
insect occurred in injurious numbers, an apparent varietal resistance 
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STAGES AND WORK OF THE PECAN LEAF CASE-BEARER (ACROBASIS NEBULELLA). 


Fic. 1.—Eggs. Fic. 2._Larva and case. Fic.3.—Pupa. Fie. 4.—Adult, or moth. Fic. 5.— 
Larval cases on pecan leaflet during thesummer. Allenlarged. (Original.) 
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WoRK OF THE PECAN LEAF CASE-BEARER (ACROBASIS NEBULELLA) 


Fic. 1.—Hibernacula, or winter cases, around pecan bud. Fic. 2.—Pecan trees defoliated by 
larveinthespring. Fic.3.—Completed larval cases where pupation takes place. Figs.1and3, 
enlarged; fig. 2, reduced. (Original.) 
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WORK OF THE PECAN LEAF CASE-BEARER (ACROBASIS NEBULELLA). 


Fie. 1.—Pecan buds injured by larve in the spring. Fie. 2.—Larval cases on compound pecan 
leaf during the summer. Fic. 3.—Work of nearly matured Jarve on pecan foliage. Fic. 4.— 
Work of larve on pecan foliage at blossoming time. All slightly reduced. (Original.) 
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to its attacks was noticed. Such varieties as the Frotscher, Van 
Deman, Nelson, Pabst, Schley, Delmas, Stuart, and Success were 
badly infested, while the Mobile, Georgia, Havens, Teche, Waukeenah, 
Moore, Moneymaker, and Curtis were slightly infested. No reason 
can be given for this apparent varietal resistance, but it may be 
stated in general terms that pecan trees with very small leaves seem 
less likely to be heavily infested by this insect. Unfortunately, many 
of the best commercial varieties of pecan are subject to attacks by 
this pest. 
CHARACTER OF INJURY. 

The most serious damage to pecan occurs during the early spring. 
The larve feed voraciously upon the unfolding buds and leaves, as 
is shown in Plate III, figure 1. Just as the buds are bursting, the 
little overwintering ‘‘worms” gnaw their way out of their hibernacula 
(winter cases), which invariably are to be found snugly packed around 
the buds. Usually they migrate immediately to the tips of the 
swelling buds, upon which they partake greedily of their first meal. 
Upon leaving hibernation quarters some larve have been observed 
eating directly through the side of the buds, instead of entering at 
the tip as is usually the case. As these larve begin to work very 
early in the spring it takes but little feeding to inflict serious injury. 
On badly infested trees it is not uncommon to see from three to five 
larve, and sometimes more; entering a single bud. Under these 
conditions there is little chance for even partial development of the 
foliage. As the larve when in sufficient numbers are capable of 
eating the green foliage as rapidly as it appears, it is not unusual for 
the trees to remain defoliated for a considerable length of time. The 
writer has seen pecan trees kept in this condition for several weeks 
solely because of the attacks of this pest. On such trees the buds 
turn brown as a result of the feeding of the larve, and a block of 
badly infested trees takes on the appearance of blight by fire. (PI. 
II, fig. 2.) When the infestation is less severe the larve web and 
tie the tender leaves together into masses, which soon become 
unsightly due to the wilting of the leaves and the presence of particles 
of excrement and larval cases with which they are united. (PI. III, 
figs. 3,4.) Late in the spring, when about half grown, the larve 
attach their cases to the leaf petioles, draw the leaflets together, and 
feed freely. (PI. II, fig. 3.) 

After having kept the trees in a defoliated condition for some time 
and, therefore, when pressed for food, these insects occasionally 
attack both blossom and leaf buds by burrowing directly into the 
ends. When thus deprived of their foliage the trees are fairly certain 
to become so devitalized as to be unable to make proper growth 
during the remainder of the season or to form fruit buds for the 
following season. Indirectly the trees suffer by becoming much 
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more susceptible to attack by certain wood-boring insects and less 
able to withstand drought in summer, 

During the summer and early fall the larve, then very small and 
feeding but little, will be found attached to the underside of the 
leaflets in brownish, minute, tortuous, and winding cases (PI. I, fig. 5; 
Pl. ITI, fig. 2), which greatly resemble at a glance brown spots such 
as might be caused by certain fungi. These tiny cases are enlarged 
only as it becomes necessary for the larve to build their way to new 
feeding areas. A detailed description of the larval cases as they 
appear during the summer and fall months is given on page 7. So 
far as the writer has observed, the injury caused to the foliage during 
the fall is so slight that the leaves do not fall prematurely. 


DESCRIPTION. 


THE EGG. 


The ege is elliptical in outline, somewhat convex above and 
flattened below. Viewed with the hand lens the surface is quite 
smooth, but under higher magnification it is very faintly punctate. 
When first deposited the egg is white with a slight greenish tinge, 
translucent, and iridescent in some lights. The empty shell is white. 
The average size of five eggs was found to be 0.55 by 0.33 mm. (0.0216 
by 0.0129 inch). The eggs are deposited singly on the underside 
of the leaflet and usually at the junction of the veins with the midrib. 
Moths confined in rearing cages (battery jars) have been noticed 
sometimes ovipositing upon the upper surface of the leaves, but in 
no case has the writer observed such oviposition under natural 
conditions. (PI. I, fig. 1.) 

THE LARVA. 

Upon hatching the larva is a little less than a millimeter (0.039 
inch) in length. The head and prothoracic shield are brown in 
color, while the rest of the body is of a much lighter shade of brown. 
When extended the full-grown larva averages about 14.5 mm. 
(0.5708 inch) in length by 2.0 mm. (0.0787 inch) in greatest width. 
The head is round, shiny dark brown or blackish in color, and slightly 
rugose. The general color of the body is very dark green, except 
the prothoracic shield, which is somewhat lighter. The shape of 
the larva is nearly cylindrical, tapering slightly at both ends, but 
more posteriorly than anteriorly. The body is sparsely covered 
with fine long hairs and on either side of the dorsal surface of the 
second thoracic segment is a small well-defined tubercle, from the 
black center of which arises a fine hair. The skin, especially in the 
thoracic region, is quite wrinkled, there bemg a pair of crescentic 
folds on the dorsum of tne second and third segments. Rudiments 
of these folds are evident on the other segments, but they are not 
prominent. The first four pairs of prolegs are quite short, only 
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about one-half the length of the anal pair. The pedal end of each 
proleg is armed with two concentric ridges of minute claws or hooks. 
The thoracic legs are brownish, with a tinge of olive green, and each 
terminates in a single claw. (PI. I, fig. 2.) 


THE LARVAL CASES. 


When first hatched the larva begins to feed upon the leaf surface 
about the egg. Soon after it constructs a brownish case out of 
excrementitious grains and a lining of grayish-white silken threads. 
The base of the summer case, as is shown in Plate I, figure 5, is 
invariably placed near the midrib. The case is enlarged by building 
away from the midrib in whatever direction the larva may chance to 
feed, and as the larva extends its feeding pasture in one direction and 
then in another the case soon assumes a very tortuous course. 
Throughout its entire length the case is securely attached to the 
under surface of the leaflet. It is composed of a rather flimsy 
texture of silken threads and pieces of excrement or frass, with the 
larger end open, and under this protection the larva extends its 
feeding area unnoticed. While the larva confines its attacks to the 
underside of the leaf, the upper surface becomes deadened and 
presents a brown patch, which becomes disintegrated, due to the 
effects of the weather. (PI. III, fig. 2.) 

In the autumn, before the foliage begins to drop, the larve migrate 
to the buds, where they construct very small, oval, brown cases 
(hibernacula), measuring about 1 mm. (0.039 inch) in diameter, in 
which they pass the winter. (Pl. II, fig. 1.) These brown cases 
are lined smoothly with whitish silken threads, and are covered with 
excrementitious particles and bits of bark and bud scales which ren- 
der them rather difficult of detection upon superficial examination. 

The cases of the matured larve as they appear in the spring are 
made of particles of frass, or grains of excrement, which are very 
closely woven together by means of fine silken threads, and are lined 
inside with a smooth surface of grayish-white silk. (PI. II, fig. 2.) 
The finished case averages about 18 mm. (0.70 inch) in length, 
and is slightly enlarged in the middle. It is always attached to the 
petiole of the leaf by means of a foot stalk of grayish-white silk. 
The larva, as a rule, draws down and fastens two or more leaflets 
about its case, usually feeding upon the tips of these leaflets from this 
shelter. At first the case is rather loosely woven and slightly curved, 
but before the larva reaches maturity the case becomes straight with 
the unattached end larger than the attached one. The completed 
case, which is of a brownish-eray color, is so compactly constructed 
and tough that it can be torn only with great difficulty. Just before 
the larva pupates it seals the distal end of the case with a rather 
flimsy layer of silk. 


\ 


8 BULLETIN 571, U. S. DEPARTMENT OF AGRICULTURE. 


THE PUPA. : - 


The pupa (PI. I, fig. 3) is of the usual form and without conspicuous 
markings. When first formed it is of a dark-brown color, with a 
tinge of olive green, but with age it changes to deep shiny mahogany 
brown. The dorsal surface of the abdomen is finely punctate. The 
average size of five individuals was found to be 8.1 mm. (0.318 inch) 
by 2.26 mm. (0.088 inch). The pupa is formed within the case, and 
the pupal skin is not extended upon emergence of the moth. 


THE ADULT OR MOTH. 


The pecan leaf case-bearer was first characterized and named in 
1872 by Riley (1) as Phycita (Acrobasis) nebulo Walsh variety nebu- 
lella. The original description is as follows: } 


I have bred a single specimen from wild crab (Crataegus) which differs in some es- 
sential features from the normal form, but which nevertheless can only be considered a 
variety of it, as I observed no larval differences. It differs in the more uniform and 
subdued tone of the front wings, the markings being more suffused and indistinct; 
but principally in the relative narrowness of the space outside the transverse posterior 
line, the greater consequent width of the middle area, and smallness of the triangular 
brown spot—the space it occupies on the inner margin being scarcely one-half as 
wide as that between it and the transverse posterior line. The discal spots are also 
separated. Described from one good specimen. 


A less technical description of the moth is as follows: 


The moths measure from 14 to-18 mm. (0.55 to 0.70 inch) across the expanded 
wings, and they present a wide variation in color. The head, palpi, thorax, base of 
forewings and legs are distinctly snow-white in the specimens of males, while in the 
females these parts are more or less dusky gray. The abdomen is more or less white, 
washed with fuscous. The outer two-thirds of the forewings are gray with blackish 
patches, or spots, which vary to some extent. The discal spots are invariably sepa- 
rate and distinct. Not far from the base of the forewings is a reddish-brown stain, 
which is very faintly evident in some of the lighter colored forms. The hind wings 
are ashen gray and darker toward the outer margin. (PI. I, fig. 4.) 


SEASONAL HISTORY AND HABITS. 


The seasonal-history records were obtained at Monticello, Fla., 


during 1913, 1914, and 1915 in an open-air insectary, in which glass 
jars were used as rearing cages. In all rearing work pertaining to 
life-history studies pecan foliage was employed. 


THE ADULT AND EGG STAGES. 


The time of emergence—From material under observation during 
the season of 1913 it was determined that moths emerged from May 
9 to July 12, inclusive. The cages, upon which the general emergence 
records are based, were examined daily. The dates of issuance of 
269 individuals are shown in the following table: 
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TaBLe I.—Time of emergence of moths of the pecan leaf case-bearer during 1913 at 
Monticello, Fla. 


Number | Date of || Number] Date of || Number} Date of || Number | Date of 
of emer- of emer- of emer- of emer- 
moths. gence. moths. gence. moths. gence. moths. gence. 
1913. 1913. 1913. 1913. 
z 1| May 9 3 | May 30 4] June 14 7 | June 29 
1| May 11 3 | May 31 7| June 15 8 | June 30 
1} May 12 4} June 1 4] June 16 4] July 1 
1| May 13 5 | June 2 6 | June 17 9| July 2 
3 | May 15 4/ June 3 9 | June 18 2) July 3 
2| May 16 1| June 4 16 | June 19 4|July 4 
2| May 21 1| June 5 9} June 20 4} July 5 
5 | May 22 6| June 6 4] June 21 3| July 6 
1| May 23 9|/ June 7 8| June 22 21 July 7 
7| May 24 10 | June 8 7| June 23 2) July 8 
2| May 25 12| June 9 4] June 24 2| July 9 
1 | May 26 2; June 10 3 | June 25 3 | July 10 
6 | May 27 7 | June il 7 | June 26 4! July 11 
5 | May 28 3 | June 12 6 | June 27 3| July 12 
1| May 29 3 | June 13 | 6 | June 28 
: 


As is shown in Table I, the time of emerging of all moths varied 
from May 9 to July 12. The greatest number of moths to emerge 
on any one day was 16, and these individuals issued on June 19. 
There was no marked period when the vast majority of adults-came 
forth, as is sometimes the case with certain species. A summary of 
Table I shows that 45 emerged from May 9 to 31, 78 from June 1 to 15, 
and 104 from June 16 to 30, making in all for June a total of 182; 
and 42 from July 1 to 12. Most of the moths issued during the 
month of June, and somewhat the greater number during the latter 
half of the month. In pecan orchards moths were not commonly 
seen until the early part of June, and by the middle of July they 
were rarely observed; but belated individuals were met until the last 
days of July. 

Rearing cages to determine the emergence of moths during 1914 
were examined daily, except on June 7, 14, 16, 21, 28, July 5, 12, 19, 
26, and August 2. The dates of issuance of 385 individuals are 
shown in Table II. _ 


TaBLe I1.—Time of emergence of moths of the pecan leaf case-bearer during 1914 at 
Monticello, Fla 


EE NTuner Date of || Number | Date of || Number} Date of || Number | Date of 
of emer- of emer- of emer- oi emer- 
moths. | gence. moths. gence. moths. gence. || moths. gence. 
1914. 1914. | 1914. 1914. 
1 | May 15 4) June 4 3 | June 22 8 | July 8 
4 | May 18 || 2|June 5 20 | June 23 4| July 9 
3 | May 20 2| June 6 38 | June 24 5 | July 10 
2| May 21 3 | June 8 22} June 25 6 | July 11 
4 | May 22 |; 3|June 9 14 | June 26 1} July 13 
1} May 23 5 | June 10 13 | June 27 5; July 14 
6 | May 25 7 | June 11 22 | June 29 4} July 15 
2| May 27 7 | June 12 | 13 | June 30 2| July 16 
2| May 29 8 | June 13 | 14; July 1 5 | July 17 
2| May 30 13 | June 15 91 July 2 1} July 21 
2| May 31 6 | June 17 15 | July 3 4| July 27 
_7| June 1 2) June 18 13 | July 4 2| July 29 
6) June 2 3 | June 19 11} July 6 2) Aug. ~4 
4| June 3 7 | June 20 Sy Vale 7 2) Aug. 5 
| 
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As is shown in Table II, the first moths of the season issued on 
May 15 and the last adults appeared on August 5, making a period 
of 82 days for the emergence of all individuals. The maximum 
emergence for a single day occurred on June 24, when 38 moths 
issued. A summary of Table II shows that 29 moths emerged from 
May 15 to 31, 238 from June 1 to 30, 114 from July 1 to 31, and 4 
from August 1 to 5. Out of 238 moths to issue in June, 71 came 
forth during the first half of the month, while 167 emerged during 
June 15 to 30, which marks the period of maximum emergence. It 
is to be noted also that of the 114 moths issuing during July 100 
emerged from July 1 to 14. So far as the records go, the last moth 
observed in the field was on August 1. From July 20 to the close 
of the month there was an extremely sudden decrease in the number 
of adults in the various pecan orchards in which observations were 
made. 

During the season of 1915 rearing cages to determine the emer- 
gence of moths were examined daily, except on June 13, 15, 17, July 
6, 13, 15, and 22. The dates of issuance of 591 individuals are 
shown in Table ITI. 


Tasie III.—Time of emergence of moths of the pecan leaf case-bearer during 1915 at 
Monticello, Fia. 


| Number | Date of || Number | Date of | Number | Date of | Number} Date of 
| of emer- of emer- | of emer- of emer- 
| moths. gence. moths. gence. || moths. gence. moths. gence. 
| ; 
| | : 
1915. | hi 19i5= | 1915. 1915. 
2| May 22) 6} June 5} 31 | June 21 | 6| July 4 
3 | May 24 20 | June 6) 31 | June 22 13 | July 5 
1 | May 25 | te) Sane 7 24 | June 23 22|July 7 
1 | May 26 5 | June 8 | 12 | June 24 7| July 8 
4 | May 27 qi June) 9 6 | June 25 6| July 9 
2| May 28 8 | June 10 i4 | June 26 10 | July 10 
10 | May 29 22 | June 11 11 | June 27 13 | July 11 
1 | May 30 22 | June 12 16 | June 28 5 | July 12 
2| May 31 33 | June 14 16 | June 29 10 | July 14 
| 16 | June 1 | 12 | June 16 6 | June 30 3 | July 16 
5 | June 2 12 | June 18 16| July 1 1 | July 17 
21 June 3 16 | June 19 |} 10 | July 2| 2| July 21 
6| June 4 | 28 | June 20 | 22|July 3} 2| July 23 


As shown in Table III, the first moth of the season issued on May 
22. and the last adults appeared on July 23. A summary of Table 
III shows that 26 moths emerged from May 22 to 31, 417 from June 
1 to 30, and 148 from July 1 to 23. Out of 417 adults issuing during 
June, 235 appeared from June 16 to 30, which period marks the time 
of maximum emergence. It should be noted also that of 148 moths 
emerging during July, 140 issued from July 1 to 14. 

The habits of moths in pecan orchards.—When the moths are at rest 
the wings are folded rooflike on the abdomen and the head and 
anterior part of the body are held in a somewhat elevated position. 
During the day the moths prefer to frequent the weeds at the base of 
the trees, but they are also to be found hiding in the dense foliage of 


ee 
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the lower limbs. When disturbed they fly rather reluctantly from 
their places of concealment, but their flight is usually so rapid that 
it is quite difficult to follow them, although the distance traveled 
may be only a few feet. When alarmed, moths hiding in the débris 
around the base of trees often work their way into the dead leaves 
rather than take wing, and because of their protective color they are 
likely to escape detection. 

Length of life of moths.—The average length of life for 26 aduits 
was found to be 4.8 days, the maximum 10, and the minimum 2. 
Data bearing on the length of life are insufficient to give any generali- 
zation. 

Oviposition and the length of egg stage.—It was very difficult to get 
reared specimens of moths to oviposit in confinement, but moths col- 
lected in pecan orchards iaid eggs rather freely in some instances in 
rearing cages, upon both surfaces of the leaves. Under natural con- 
ditions moths oviposit only upon the underside of the leaflets. The 
createst number of eggs recorded as having been deposited by a 
single individual was 182, which were laid by a moth collected in the 
field on July 20, 1916. The eggs were deposited as follows: 157 on 
July 21, 22 on July 22, and 3 on Juty 23. The records show that a 
period of from three to five days elapsed between the time of emer- 
gence of moths and the time of oviposition. Tables TV and V show 
the length of the egg stage. 


TaBLE IV.—Length of egg stage of the pecan leaf case-bearer at Monticello, Fla. 


Length | 


Date moths .. é La 
were placed in eR i Pate ae ail “| of egg 
cage. Ns earner et stage. 
| \ 

Days. 

June 15,1913 | June 17,1913 | June 24,1913 7 

IDO sees June 18,1913 | June 25,1913 7 
IDO Sasa June 19,1913 |....- dose 64] 

DOPSst Ss: June 20,1913 | June 26,1913 6 

June 30,1914 | July 2,1914 | July 7,1914 7 

July 13,1914 | July 16,1914 | July 24,1914 8 

SVU Kol TAD ees Se eS BREE PASE: 8 

WMG a Wt Ga Wb oes Se tea eA epte!  S e aeet eral Eas na AU 6 


As shown in Table IV, the length of the egg stage was from 6 to 8 
days. The moths used in obtaining these records were collected in 
the field, and from data on hand it is impossible to compute the 
average length of the ege stage. Upon emerging from the eggshell the 
larva feeds upon the leaf surface at the place where the egg is 
deposited. 
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TaBLe V.—Length of egg stage of the pecan leaf case-bearer at Monticello, Fla., in 1915. 


Number of 4 5 24 

eggs from ate of ate of 

which lar- | oviposi-| hatch- Lane of 
ing. gg stage. 


vee emer- tion. 
ged. 

1915. 1915. Days. 
1 | July 17 | July 23 6 
i \2--do022--| July 24 7 
4 | July 18 | July 26 8 
18 | July 24 | Aug. 1 8 
a eed Ofer PAUSE? 9 
7 | July 31 | Aug. 6 6 
GOPesedosss |e Aue wi 7 
2 | Aug. 4 | Aug.11 7 
23 | Aug. 5 | Aug.12 7 
1 ---d0.... Aug.13 8 
Wiey.chin bin casooc dosease suas 9 
Mam iniimeer eee sare ee ee 6 


Average for 118 individuals..| 7.14+ 


It will be noted from Table V that the average length of the egg 
stage for 118 individuals was 7.14 days, the maximum 9, and the 


minimum 6. 
THE PUPA STAGE. 


Of the larve under observation that transformed to pupe during 
1913, the first pupated on April 20, while during 1914 and 1915 the 
first pupe did not appear until May 5. During the season of 1914 
the actual time of earliest pupation was, perhaps, a trifle earlier 
than recorded, since in cages in which only the daily emergence of 
moths was observed the dates of pupation were not taken, and some 
moths from the cages issued as early as May 15. It is very likely 
that some larve in these cages transformed to pup during the last 
few days of April. 

During the year 1913 the length of the pupa stage was determined 
for 66 individuals, as is shown in Table VI: 


TaBLE VI.—Length of pupa stage of the pecan leaf case-bearer at Monticello, Fla., during 
191: 


Date of— Date of— 
Number SS || Dees 2s | Number SSS Dears es 
eee Pupa- | Emer- | pupa. | ae Pupa- | Emer- | pupa. 
mona tion. gence. a tion. gence. 
Be BEN A | eS ae 
1913. 1913. 1913. 1913. 
1 | Apr. 20) May 13 23 1 | May 21/)} June 8 18 
2 | Apr. 25 | May 15 20 2 do....| June 9 19 
1 o....| May 16 21 3 do .| June 11 21 
1 | May 2] May 21 19 1 do.-..-| June 12 22 
2) 22.00% May. 22 20 1 do....| June 13 23 
1 | May 4] May 24 20 2 | May 22 | June 11 20 
2.| May 6 do. . 18 2 o..-.-| June 12 21 
2 | May 8] May 28 20 1 do....| June 13 22 
1 | May 9] May 27 18 1 | May 23 | June 15 23 
Le |--edoz May 31 22 2 | May 27 | June 17 21 
1 | May 11] May 30 19 2 | May 29 | June 19 21 
1 do June 1 21 1 | May 30 | June 20 21 
4 | May 12| June 2 21 3 | May 31 |...do 20 
Wiehe 18} ee ole sec 20 1 | June 1] June 21 20 
3 | May 14] June 3 20 1 do....| June 23 22 
1 do....| June 5 22 2 | June 2 |...do- 21 
1 os 15 que 2 19 a J Z 
5 ay 1 une 1 
2 ae _..| June: 8 20 AN OLAL Gp e aoe eee 19. 89 
3 do....| June 9 21 Maximum. ...........------ 23 
3 | May 20] June 6 17 Minimum... .4. 2.-.-2 22-2 =: 17 
1 do....| June 8 19 
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As is shown in Table VI, the average length of the pupa stage dur- 
ing 1913 was 19.89 days, the maximum 23, and the minimum 17. 

Table VII shows the length of the pupa aime for 45 individuals for 
the season of 1914. 


TaBLE VII.—Length of pupa stage of the pecan leaf case-bearer at Monticello, Fla., 
during 1914. 


Date of— Date/of— 
Number Days as Number Days as 
of indi- sane of indi- % 
viduals. | Pupa- | Emer- | P™@P®- || viduals.| Pupa- | Emer- | PUP@- 
tion. gence. tion. gence. 
1914. 1914. 1914. 1914. 
2 | May 5] May 25 20 1 | May June 8 16 
1 | May 10}; May 30 20 2 |...do...:|- June 9 17 
1 | May 11}...do-.. 19 3 | May 25 | June 10 16 
if o....| May 29 18 3 |...do....| June 11 17 
1 | May 12| May 31 19 1 do June 12 18 
1 June 1 20 1 do June 13 19 
1 | May 13] May 31 18 1 do June 11 16 
1 fa) June 1 19 2 | May 26 | June 12 17 
1 | May 14) June 2 19 1 do....| June 13 18 
1 | May 15]...do 17 1 | May 27 |...do 17 
2 Oe She. do 18 2 | May 28] June 15 18 
1 do....|}--.do. 17 1 | May 29 |...do 17 
1 | May 16}...do. 18 2 | June 9 | June 26 17 
1 o....| June 4 19 
2 May 18 pe Lene dy ; 
o....| June 5 1 AVORAS Ou oe as wena Me ea 17. 66 
2 do June 6 19 aoe aias ea Cee 20. 
1 May 19] June 8 20 IMTTVITNUTI ee Oe ah ee 16. 
1 | May 22] June 10 19 


During 1914 the average length of the pupa stage was determined 
to be 17.66 days, the maximum being 20 and the minimum 16. 

Table VIII shows the length of the pupa stage for 109 individuals 
for the season of 1915. 


Tasie VIII.—Length of the pupa stage of the pecan leaf case-bearer at Monticello, Fla., 
during 1915. 


Date of— Date of— 
Number |__| nays ag || Number |______________! nays as 
of indi- aoa of indi- Saye 
viduals. | Pupa- | Emer- | PUP?- || viduals.| Pupa- | Emer- | PUP: 
tion. gence. tion. gence. 
1915. 1915. 1915. 1915. 
3 ay 5)| May 22 17 1 | May 25 | June 11 17 
3 0....| May 23 18 1 |...do....| June 12 18 
1 | May 6 May 22 16 2 May 28 | June 16 19 
1 o....| May 23 17 1 | May 29|...do.... 18 
2 do....| May 24 18 1 | May 31 |..-do.... 16 
4 | May 7|...do. 17 1 |...do....| June 18 18 
3 o....| May 25 18 5 | June 1|]...do.... 17 
1 | May 8 do. 17 3. | dunes 2))> do.) 16 
1 | May 9 do 16 12 do....| June 19 17 
1 do....| May 27 18 3 do June 20 18 
1 | May 13) May 30 17 4 | June 3 | June 19 16 
1 | May 19} June 5 NG, 8 do June 20 17 
5 | May 20] June 6 17 7 |...do....| June 21 18 
2 do....| June 7 18 1 | June 13 | July 1 18 
2 | May 21 |...do.... 17 |i 2 | June 14 | June 30 16 
1 do....| June 8 18 2 do....| July 1 17 
1 | May 22); June 9 18 |; 2 do....| July 3 19 
2 | May 23| June 8 16 5 | June 16 |...do. 17 
2 do....| June 9 17 1 | June 17 |...do 16 
~ 1 do....| June 10 18 
1 | May 24] June 9 16 
5 o....| June 10 17 AOGAR Olle ee ane toes alee 17.15 
2 --.-| June 11 18 Maxam. seen a Tae ne 19. 
1 May 25 | June 10 16 MAN TIMNUTN Sy ee ee ees 16. 
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During the season of 1913 eggs were found to hatch from about the 
middle of May until the last days of July, and during the season of 
1914 and 1915 from the latter part of May until the first few days 
of August. The period over which the eggs are hatching depends, 
of course, upon the time of emergence of moths, and it will be noted 
in Tables I, IJ, and III that there was some variation in the issuance 
dates of adults during 1913, 1914, and 1915. When the young larve 
enaw their way out of the eggshells they commence feeding upon the 
portion of leaflet immediately adjacent to the place where oviposition 
occurred. Throughout the summer and during the early fall the 
larve feed very sparingly upon the foliage, and as they extend their 
feeding quarters they enlarge the little wmding or spiral cases which 
afford them protection. Although the larve may feed for nearly three 
months or even longer in some instances, they hardly attain a length 
greater than six one-hundredths of an inch. During the latter part 
of September these larve begin to seek hibernating quarters around 
the buds, where they construct small, compactly woven, oval hiber- 
nacula, and by the middle of October practically all larve will have 
left the foliage and may be found snugly protected in the hibernacula. 
These little ‘‘worms”’ very wisely abandon the compound leaves upon 
which they have been feeding, just a short time before the foliage 
begins to drop in the autumn, in order to attach the winter cases 
securely to the buds and twigs. 

The larve remain in hibernation until the latter part of March 
or the first days of April, at which time the buds on pecan trees 
usually begin to open. Just asthe buds are opening, the larve emerge 
from their hibernacula and attack the unfolding leaves. The perni- 
cious feeding habits of the larve at this time result in serious injury 
to the foliage and in greatly reducing the yield of nuts. During the 
year 1913 the larve reached full growth from about April 20 until the 
latter part of June, but the majority pupated between May 10 and 
June 10. During the seasons of 1914 and 1915 the majority of the 
larvee were about a week to ten days later in reaching maturity. 


NATURAL ENEMIES. 


Three species of birds—the blue jay (Cyanocitta cristata), the mock- 
ingbird (Mimus polyglottos), and the orchard oriole (Icterus spurvus)— 
have been observed feeding upon the larve of the pecan leaf case- 
bearer. These birds, as well perhaps as those of other species, do 
much to check the ravages of this pest, and their protection-in the 
pecan orchard should be encouraged. The blue jay very likely is 
more beneficial than harmful to the pecan grower. In the writer’s 
opinion the good that this bird does in feeding upon injurious pecan 
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insects more than offsets the injury that it is accused of domg in the 
fall of the year, when it may take a few nuts from the pecan trees. 

The writer has reared a number of parasitic insects from the larve 
and pupz of this case-bearer, as follows: Itoplectis conquisitor Say, 
Triclistus apicalis Cress., Calliephialtes grapholithae (Cress.), and 
Pristomerus sp., belonging to the family Ichneumonidae; Macro- 
centrus delicatus Cress., Meteorus sp., Habrobracon variabilis Cush., and 
Orgilus sp., Piceeons to the family Braconidae; and Secodella acne 
basis Cwfid., which has been described as a new species by Mr. J. C. 
Crawford (19), of the U. S. National Museum, and Cerambycobius sp., 
belonging to the superfamily Chalcidoidea. Two species of Tachinidae 
were reared from this case-bearer and were identified by Mr. W. R. 
Walton, of the Bureau of Entomology, as Leskiomima tenera Wied. 
and Hzorista near pyste Walker. This last he considers as probably 
a new species. Gossard (12) reported rearmg Spilochalcis vittata 
(Fab.) and Itoplectis conquisitor Say from this host. It is mteresting 
to note that on one occasion specimens of Trichogramma minutum 
Riley were reared from the eggs of the pecan leaf case-bearer. Of 
the numerous parasites preying upon this pest, the most effective is 
the small chalcidoid, Secodella acrobasis Cwfd., which was reared in 
great abundance from the overwintering larve. 


METHODS OF CONTROL. 


DIPPING AND SPRAYING TESTS FOR THE DESTRUCTION OF LARVA IN HIBERNATION. 


In order to determine the effect of various spray materials on the 
larvee in their hibernacula, a series of tests was made. For this 
work small twigs that were badly infested were selected for the 
treatment, which consisted in immersing the twigs in the materials 
used. After the treatment had been effected the twigs were kept 
in separate glass jars. The results of this series of experiments are 
shown in Table IX. 


TaBLE 1X.—Dipping tests with sprays for destruction of hibernating larvx of the pecan 
leaf case-bearer at Monticello, Fla., wn 1913. 


Per cent- 

: age of 

Experi- | Number Date of appli-| _ 1V& 
raipateNo: of a Material used. | cation. emerging 

hiber- 

nacula, 
I Pome MAS CHOL Oil! GUID) warige Seo ey ps eo se iets Seu mae Ce er ae ey 18 
II 25 | Miscible oil (1:15)............. RE BRL eae a Nama al 15 
Til Does VeIser bl eT GiskS) cess Ye See Eee es TE wk See ee | 20 
ey 25 aeeeble on ( ee oe ae en Ce re | 40 

15 Wweipleoli(undilluted)Se= a5. 2- se oes ee ee ee 

VI 25 | 10 per cent kerosene emulsion................:.---------- joe. TL Its 15 
VIT 25 | 20 per cent kerosene emulsion.............----:/--:------ | ? 15 
VIII 25 | Commercial lime-sulphur solution (1:8).........-.---.----- 10 
TX 25 | 40 per cent nicotine sulphate (1:32).........-:..-.--------. 10 
xX INC MOC Ky MMU RCAUCM sets oe tele saya ees ora a eps ete Sei oe otarege 50 
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For some reason, presumably because the twigs were kept in too 
dry a condition, many larve failed to emerge from hibernacula that 
were not treated, as is shown in Table [X. The best results were 
obtained with undiluted miscible oil, while strengths ranging from 
1:12 to 1:20 gave considerably less benefit for the treatment, as 
was also the case when 10 and 20 per cent kerosene emulsions were 
employed. Commercial lime-sulphur solution at 1:8 and 40 per cent 
nicotine sulphate at 1:32 ranked second in effectiveness. 

Further dipping tests were made with commercial hme-sulphur 
solution on March 26, 1914. The strengths employed were 1:8 and 
1:10, in which thirty heavily infested pecan twigs were dipped, and 
after the treatment the twigs were caged immediately in jars and 
placed in the out-of-doors insectary. By March 31 many of the 
larve were emerging from their hibernacula and feeding upon the 
developing buds. Further observations showed that lime-sulphur 
at these strengths was not effective in preventing many larve from 
emerging from winter quarters. 

Table X shows further dipping and spraying experiments with 
lime-sulphur and miscible oil. | 


TABLE X.—Dipping and spraying experiments for destruction of hibernating larve of the 
pecan leaf case-bearer at Monticello, Fla., in 1916. 


| 
Experi- Date of appli 
ppli- 
a | Treatment. cation. Result. 
Ye wee ee ee EEE 
I seeped twigs in commercial lime- | Mar. 7,1916 | Many larve emerged and destroyed 
2 phur solution (1:8), testing 32° every bud. 
aumé, 
II | Sprayed twigs with commercial lime- |.....do.......- Many larve emerged and destroyed 
sulphur solution testing 32° Baumé. most of the buds. 
III | Sprayed twigs with miscible oil at 1:15.|.....do........| Many larvee emerged and destroyed 
practically every bud. | 
LY; | Check: twigs untreated 02.224 2 2a ee. Ss Larve emerged and readily destroyed 


| every bud. 


The twigs used in these experiments were kept in water or moist 
soil in order to insure the proper development of the buds. The 
first observations were made on April 17, 1916, and results as shown 
in Table X indicate the condition of the foliage. It will be noted that 
the lime-sulphur and miscible oil failed to destroy the larve. 


SPRAYING EXPERIMENTS! FOR THE DESTRUCTION OF LARV IN HIBERNATION. 


A series of spraying experiments was conducted with several of the 
standard winter sprays to find out their effect upon larve in hiber- 
nation, and in all cases the material was applied thoroughly by means 
of a gasoline-power outfit. 


1 The spraying was done in bearing pecan orchards belonging to the.Standard Pecan Co. and the Summit 
Nurseries, both of Monticello, Fla., and to Mr. Charles E, Pabst, of Ocean Spring, Miss. 
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The results of these experiments are as follows: 


TABLE XI.—Spraying experiments for the destruction of hibernating larve of the pecan 
leaf case-bearer at Monticello, Fla., in 1913. 


Date 
Plat Number F 
Treatment. of appli- Results. 
No. of trees. Cations 
1913 
I 11 | Commercial lime-sulphur |} Mar. 3 | 40 per cent of the larve emerged from hiber- 
solution, testing 33° nacula. Buds and foliage very seriously 
Baumé, at 1 gallon to 8 | | damaged by larve. 
gallons of water. | 
Vv 10 | Miscible oil at 1 gallon to 20 | Mar. 25 | 75 percent of the larve emerged from hiber- 
gallons of water. ae Buds were badly damaged by 
arve. 
VII 145 (Check; untreated: .. 0... ....|o.5-2.0.2. Practically all larve emerged. Nearly 
every bud was either totally or par- 
, tially destroyed. Some trees were com- 
| pletely defoliated. 


Neither the lime-sulphur solution nor the miscible oil gave satis- 
factory results, but of the two, lime-sulphur was the better. In 
this series of experiments a proprietary insecticide consisting of 
distillate oil, tobacco, and soap, and another one consisting princi- 
pally of oil were tried at dormant strengths in Plats II, III, and IV, 
which are not included in Table XI, and both of these were found 
to be ineffective against the hibernating larve. 

On February 15, 1913, in the Pabst orchard at Ocean Springs, 
Miss., fifteen 10-year-old trees were sprayed with commercial lime- 
sulphur at 1 gallon to 8 gallons of water, and on the same date six 
10-year-old trees were sprayed with miscible oil at the rate of 1 gal- 
lon to 15 gallons of water. Since it was impossible for the writer to 
make observations on these sprayed trees because of stress of work at 
Monticello, Fla., Mr. Chas. E. Pabst, of Ocean Springs, Miss., was 


requested to report the results of these experiments. In his report 


he stated that there seemed to be a slight benefit derived from the 
lime-sulphur treatment, but so far as could be determined the 
miscible-oil-sprayed trees were as badly infested with larve as the 
trees that were left untreated. 

In order to obtain additional information on the two most common 
dormant season sprays, a series of spraying experiments was con- 
ducted at Ocean Springs, Miss., and another at Monticello, Fla. The 
results of this work are shown in Tables XII and XIII. 


r 
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TaBLeE XII.—Spraying experiments for the destruction of hibernating larve of the pecan ' 
leaf case-bearer at Ocean Springs, Miss., in 1914. 


“i Wing Date 
Plat | Number 2 . 
Treatment. oi appli- Result. 
No. of trees. pede 
1914 | 
I 32 | Commercial lime-sulphur | Mar. 9 | Very slightly benefited. Sufficient num- 
solution, testing 33° | ber of larvee emerged to do considerable 
Baumé, at 1 gallon to 8 | damage to buds and foliage. 
gallons of water. 

Il 17 | Commercial lime-sulphur |-.-.do..... Very slight benefit. A large percentage of 
solution, testing 33° | larve emerged from hibernacula and 
Baume, at 1 gallon to 10 | severely injured the buds and foliage. 
gallons of water. | 

II | £0 4iCheekjunsprmiyeas:< 32 22h Se ee | Practically all larvee that were not parasi- 
| tized emerged from hibernacula. Buds 
and foliage were severely injured. 


TaBLe XIII.—Spraying experiments for the destruction of hibernating larvex of the pecan 
leaf case-bearer at Monticello, Fla., in 1914. 


} [ 
| 


+, | Number Dateof | 
Piat No. | of trees. | Treatment. _ application. | Results. 
| 
I | 12 | Commercial lime-sulphur | Mar. 22,1914 | Slight benefit, but a sufficient number 
solution at 1 gallon to 8 of larve emerged to do much dam- 
gallons of water. age to buds and foliage. 

II | 10 | Commercial lime-sulphiur |----- dOs =... | Slight benefit, but many larvee emerged 
solution at 1 gallon to 10 from hibernacula and did considera- 
gallons of water. ble damage to buds and foliage. 

II] | 8 | Miscible oil at 1 gallon to |_.-.. do itt i: Practically no benefit derived from the 
20 gallons of water. treatment. 


| | 


The results, as will be noted in Tables XII and XIII, show that 
the lime-sulphur solution at 1:8 and 1:10 gave a slight benefit, 
but that miscible oil was a decided failure. The number of larve 
destroyed by the lime-sulphur treatments was not sufficient to combat 
this pest satisfactorily. Although it has been suggested and advised 
by certain entomological writers that this pest can be controlled by 
the use of lime-sulphur during the dormant season, the results of all 
the experiments show conclusively that the treatment can not be 
depended upon as a remedy for the pecan leaf case-bearer. 


SPRAYING EXPERIMENTS AGAINST OVERWINTERED LARV~. 


EXPERIMENTS AT MONTICELLO, FLA. 


The work at Monticello, Fla., was conducted in the pecan orchards 
of the Summit Nurseries and the Standard Pecan Co. For the spray- 
ing regular orchard gasoline-power outfits were used and the spray 
material was applied very thoroughly at a pressure ranging from 175 
to 200 pounds. The results of the experiments are shown in Tables 
XIV and XV. 
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TaBLE XIV.—Spraying experiments against the larve of the pecan ay case-bearer at 
Monticello, Fla., in 1913. 


Number Date of 
Plat No. Giirees! Treatment. application. Results. 

y, VI 55 | Paste lead arsenate at 3 | Apr. 18,1913 | Not controlled satisfactorily. About 
pounds plus Bordeaux 50 per cent of the larve were de- 
mixture 4-5-50.1 sirayed, but the buds were badly 

injured. 
Vil 14a ie Check: umspraved reife. liciess coc sseree cr Most buds were infested by larve. 
Some trees were nearly defoliated. 
1 Bordeaux mixture was used for fungicidal purposes. 
TaBLE XV.—Spraying experiments against the overwintering larvx of the pecan leaf 
case-bearer at Monticello, Fla., in 1914. 
Number : Date of 

Plat No. Griese Treatment. application. Results. 

; IV 10 | Commercial lime-sulphur | Apr. 2,1914 | Notcontrolled. Some few larve killed, 
solution at 1 gallon to 40 but the majority continued to feed 
gallons of water. upon the buds and foliage. 

+ Vv 10 | 40 per cent nicotine sul- |....- Cee Saoes Not controlled. Much damage done 

y phate at 1 part to 700 to the buds and foliage. 

Lae of water. 
VI 25 | Paste lead arsenate at 3] Apr.2and10,| Not satisfactorily controlled. Many 
pounds to 50 gallons of 1914. larvee killed, but sufficient numbers 


water (2 applications). 


escaped to inflict serious injury to 


buds and foliage. 


As shown in Table XIV, a single application of paste arsenate of 
lead at 3 pounds to 50 gallons of Bordeaux mixture, made on 
April 18, 1913, failed to control the pest, although there was 
considerable benefit in favor of the sprayed over the check trees. 
Table XV shows that on trees treated with commercial lime-sulphur 
solution at 1:40 and 40 per cent nicotine sulphate at 1: 700 on 
April 2, 1914, at which time the larve were emerging from their 
hibernacula, little or no benefit was derived from the treatment. 
Compared with the checks, the trees in Plat VI, which received two 
heavy applications of paste lead arsenate at 3:50 on April 2 and 10, 
showed that there was much in favor of the treatment, but sufficient 
numbers of the larve escaped the poison to do serious damage to 
the buds and foliage. 

On account of the manner in which the larve feed upon the buds, 
it was found to be difficult to kill a large proportion of them before 
considerable damage had been done to the foliage. Results show 
that spraying with lead arsenate during the spring can not be relied 
upon as an effective remedy for this pest. 


SPRAYING EXPERIMENTS AGAINST LARVAE IN THE SUMMER. 
EXPERIMENTS AT MonrTIcELLo, FLa. 


After discovering the manner in which the larve attack the foliage 
during the summer, spraying experiments were conducted to find 
out if the case-bearer could not be controlled practically at this 
stage of its life cycle. The results of this line of work are embodied 
in the following tables. Table XVI shows the effect of the treatment 
of 113 ten-year-old pecan trees in the orchard of the Summit Nurseries. 
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TaBLE XVI. Be experiments against the larvx of the pecan leaf case-bearer at 
Monticello, Fla., in 1913. 


{ ] 


Number | : 
Plat | Date of applica- | 
+ of Treatment. A Results. 
No | fone tion. 
I | 113 | One application of} Aug. 14 and 15, | Very satisfactory control. Nearly all 
| paste lead arsenate 1913. larve were killed and only a very 
at 3 pounds to 50 few remained to construct hiberna- 
gallons of water. cula in the autumn. Was exceed- 


ingly difficult to detect any hibern- 
acula. No appreciable amount 
of damage was done by the few 
overwintering .larve to the buds 
. during the spring. 
II 12 | Check; untreated..-.... Resi MSE ayia E cein e As many as 12 hibernacula were 
found around a single bud; the 
average was about 3 hibernacula to 
the bud. During the spring the 
larve appeared in numbers and 


4 seriously damaged the buds and 
foliage. Some trees were nearly 
defoliated. 


= 


The results obtained on Plat I, as shown in Table XVI, were highly 
satisfactory, since most of the larvee were killed by the arsenical appli- 
cation. By destroying the larve during the late summer or early 
autumn, the trees were protected from attacks during the subse- 
quent spring, at which time very serious injuries occur to the buds 
and tender foliage through the peculiar manner of the feeding of 
overwintering larve. During the following spring (1914), the trees on 
Plat I put forth their foliage in perfect condition, but on account of 
the ravages of the case-bearer larve the unsprayed trees (Plat IT) 
were kept in a state of partial or total defoliation for several weeks, 
and this condition interfered seriously with the setting of nuts. A 
slight arsenical injury was done to the foliage, but in no case was the 
damage so severe as to cause the leaves to drop. 

More extensive spraying experiments were carried out with lead 
arsenate in 1914 than in 1913. Table XVII shows the series of 
experiments conducted in the Abe Simon orchard. 


TaBLeE XVII.—Spraying experiments against the larve of the pecan leaf case-bearer at 
Monticello, Fla., in 1914. 


| Number | 
as ae Treatment. | Date oF apuea Result. 
No t cation. 
| trees 
| 1914 | 
1 22 | Powdered lead arsenate at | Aug. 13...... Practically perfect control. Scarcely 
2 pounds to 50 galions of any larve succeeded in escaping 
water. | the poison to construct hibernacula. 


Foliage rather seriously injured by 
the heavy application of arsenical. ‘ 
II 4)\' Cheek unsprayed. 2i2322.|! 235. fJse | Trees were badly infested, as was 
determined by the great abundance 
of hibernacula and the prevalence 
of larve in the buds during the 
following spring. 


III 18 | Paste lead arsenate at 3 | Aug.14......! Practically perfect control. Scarcely 
pounds to 50 gallons of | - any larve succeeded in escaping the 
water. oison to construct hibernacula. 


oliage rather seriously injured by 
the heavy application of arsenical. 
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On Plats I and III the case-bearer was satisfactorily controlled, 
while on Plat IT, which was left untreated, very serious damage was 
done during the spring by the overwintering larve. Rather serious 
injury was done to the foliage on Plats I and III, owing in part to 
the showery weather that followed the spraying, which made con- 
ditions favorable for the suspension of free arsenic on the leaves. 
The sprayed trees shed their foliage a little sooner than the checks, 
but defoliation ‘did not take place so early as to cause the trees to 
bud out again. 

A series of dosage tests with lead arsenate was carried out for the 
purpose of determining the proper strength necessary to control 
effectively the pest under orchard conditions. The results of this 
work are contained in Table XVIIT. 


Taste XVIII.—Spraying experiments against the larve of the pecan leaf case-bearer to 
determine the most effective dosage of lead arsenate; Monticello, Fla., 1914. 


Results. 
Plat Num- Date of 
No ber of Treatment. appli- 
“0. | trees. cation. Degree of Arsenical injury 
infestation, to foliage. 
| : 
| 1914 
18a 26 | Powdered lead arsenate at 14 pounds to | Aug. 20 | Practically none.| Serious. 
| 50 gallons of water. | 
TI | 16 | Powdered lead arsenate at 1 pound to |...do.-..-|..... GOs Bore ele Rather serious. 
| 50 gallons of water. | 
JOO 31 | Powdered lead arsenate at 4 pound to |_..do..... Light infestation) Slight burning. 
| 50 gallon of water. : 
Va! GrieCheck-sunsprayede ioe 2 8 GOV ea Ls Very heavy in- 
| festation. 
Vv} 37 | Paste lead arsenate at 1 pound to 50 gal- |...do.....| Light infestation) Slight burning. 
| lons of water. 
VI | 24 | Paste lead arsenate at 14 pounds to 50 | Aug. 22 | Very light infes- | Somewhat pro- 
gallons of water. tation, nounced. 
VII 21 | Paste lead arsenate at 2 pounds to 50 |..-.do.....| Practically none.| Rather serious. 
gallons of water. 
Vill 18 | Paste lead arsenate at 24 pounds to 50 |...do.....|....- doses saeeeee Serious. 
gallons of water. 
1X 26 | Paste lead arsenate at 3 pounds to 50 |...do-....|.....do..........- Do. 
gallons of water. 
x 24.| Two pounds of paste arsenate of lead |...do.....|.....do..........- Only a trace of 
plus 4 pounds of lime to 50 gallons of burning, 
water. 


Asis shown in Table XVIII, the powdered lead arsenate at 4 pound 
(Plat IIL), and paste form at 1 pound (Plat V), as well as 14 pounds 
(Plat VI), to 50 gallons of water were found to be too weak for effec- 
tive work, while the powdered lead arsenate at 1 pound and 14 pounds 
and the paste form at 2, 24, and 3 pounds gave very satisfactory 
control. It was discovered that pecan foliage was quite susceptible 
to arsenical injury, for on all plats there wassome burning. The worst 
burning occurred on Plats I, VIII, and [X, where the stronger dosages 
of lead arsenate were used; but where the weaker dosages were 
employed the injury was considerably lessened. The foliage on Plat 
X, sprayed with lead arsenate to which lime was added, was in the 
best condition, as only a trace of burning occurred. 
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Spraying experiments were conducted during the summer of 1915 
for the purpose of determining the effects of various forms of lead 
arsenate on pecan foliage. The pecan trees selected were 12 years 
old and of a good size for their age. The spray material was very 
thoroughly applied by means of a gasoline-power outfit, using a pres- 
sure of about 200 pounds. Table XIX shows the results of this 
work. 


22 


TaBLE XIX.—Spraying experiments against the larve of the pecan leaf case-bearer at 
Monticello, Fla., in 1915. 


Results. 
Plat Num- Date of 
No ber Treatment. applica- 
trees tion Degree of infes- | Extent of arsenical injury 
tation. to foliage. 
1915 
I 18 | Powdered lead arsenate 1% | Aug. 24 | Practicallynone.| Foliage in good condition; 
pounds; plus 3 pounds of no appreciable burning. 
ime to 50 gallons of water. 

II 18 | Powdered lead arsenate 1 |...do....-.|...-- dover s-seee Do. 
pound, plus 3 pounds of 
lime to 50 gallons of water. 

AE 12 | Paste lead arsenate 3 pounds, | Aug. 25 |..... dO2 soe Sone Burning of foliage was 
plus 3 pounds of lime to 50 rather serious. 
gallons of water. 

‘IV 12 | Paste lead arsenate 2 pounds, |...do.....)..... dorsaeenass Margin of leaves rather se- 
plus 3 pounds of lime to 50 verely burned; but the 
gallons of water. trees did not shed their 

leaves prematurely. 

V 5 | Paste triplumbic lead arsenate |...do.....|....- doses Foliage rather seriously 
2 pounds, to 50 gallons of burned, especially mar- 
water. gin of leaves. 

VI 7 | Paste triplumbic lead arsenate |...do.....)...-- dost Foliage in good condition; 
2 pounds, plus 3 pounds of no appreciable burning. 
lime to 50 gallons of water. 


As shown in Table I, the pecan leaf case-bearer was controlled 
satisfactorily on all plats, but only on Plats J, IJ, and VI was the 
spraying accomplished without appreciable arsenical injury to the 
foliage. Maximum burning of foliage occurred on Plat V, where tri- 
plumbic arsenate of lead paste alone was used; but even in this case 
the injury was not severe enough to cause premature defoliation. 
Plats III and IV, which received 3 pounds and 2 pounds, respectively, 
of paste arsenate of lead plus 3 pounds of lime to each 50 gallons of 
water, showed rather serious arsenical injury to the margins of the 
leaves, while Plats I and II, which received 14 pounds and 1 pound, 
respectively, of the powdered form of arsenate of lead plus 3 pounds 
of lime to 50 gallons of water, showed no appreciable jury to the 
foliage. From these observations the powdered form of lead arsenate 
appears less likely to cause injury to the foliage than does the paste 
form. 

Under no circumstances was it found safe to use effective dosages 
of lead arsenate (triplumbic or diplumbic) in either the paste or 
powdered form on pecan foliage without the addition of 3 or 4 pounds 
of stone lime per 50 gallons of water. The work with arsenicals indi- 
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cates that the pecan is practically as susceptible to burning as is the 
peach and that the same precautions must be used in order to prevent 
serious injury to its foliage. 
FUMIGATION EXPERIMENTS AGAINST HIBERNATING LARVZ. 
EXPERIMENTS AGAINST LARVa ON PECAN NuRSERY TREES. 


As the pecan leaf case-bearer may be freely distributed through 
the medium of nursery stock as larve in hibernacula about the buds, 


-it was considered advisable to obtain some data in regard to fumiga- 


tion. A specially constructed box, measuring 10 feet long, 34 feet 
high, and 3 feet wide, was used for this work. The box was so made 
as to be practically air-tight. In order to test the effect of fumigation 
on the larve as well as on the plant itself, a number of infested, 
crafted, or budded pecan trees, ranging from 3 to 5 feet in height, 
were used. In order to have the trees in the best possible condition, 
they were dug from the nursery during the afternoon of the day before 
fumigation, and immediately after the fumigation experiments were 
completed the trees were set out in the laboratory yard at Monticello, 
Fla. The method and results of these experiments are shown in 
Table XX. 


TasBLe XX.—Fumigation experiments on pecan nursery trees for destruction of over- 
wintering larvx of the pecan leaf case-bearer at Monticello, Fla., in 1916. 


Experi- Date of 
ment Area Treatment. fumiga- Results. 
No. ; tion. 
1916. 

I 8 | Fumigated for 1 hour with 1 ounce | Feb. 25 | Larvee were not killed, and these 
of sodium cyanid! per 100 cubic larvedestroyedthebuds. Trees 
feet, using formula 1-2-3.2 were not injured by fumigation. 

II 8 | Fumigated for 1 hour with 14 ounces |...do....| All larvee were killed. No ap- 
of sodium cyanid per 100 cubic parent injury to trees by fumi- 
feet, using formula 1-2-3. gation. k 
8) Swe Check untTeabed en owed. oon. loos ee seuss Larvee emerged in numbers and 
buds on the trees were badly 
damaged. 


1 Sodium cyanid used was equivalent to 129 per cent potassium cyanid. 
2 Formula: 1 ounce (avoirdupois) sodium cyanid, 2 fluid ounces of sulphuric acid, 3 fluid ounces of water 
to 100 cubic feet of space. 

It will be noted in Table XX that in experiment I, where 1 ounce 
of sodium cyanid per 100 cubic feet was used, the case-bearer 
larvee were not killed, while in experiment II, where 14 ounces of 
cyanid was used, the results were very satisfactory, as no larve 
emerged from the hibernacula. On May 1, 1916, it was found that 
the buds on trees in experiments I and III were badly damaged by 
the larvee and that the buds and foliage on trees in experiment II 
were not injured. So far as could be determined, the fumigation had 
no effect whatever on the trees, as both the check and fumigated 
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trees made practically the same amount of growth during the course 
of the season. 

Further fumigation experiments were conducted during March, 
1916, and are reported in Table XXI. Only badly infested pecan 
twigs were used in these experiments, and after being fumigated, 
they were placed in water bottles in order to insure proper develop- 
ment of the buds. 


TaBLE XXI—Fumigation experiments on larve of the pecan leaf case-bearer at Mon- 
ticello, Fla., in 1916. 


- 
Experi-| Num- Date of 


ment _ ber of | Treatment. | fumiga- | Results. Remarks. 
No. | twigs. tion. 
1916. | 
I | 12  Fumigated for 1 hour with 4 ounce | Mar. 4) Larve emerged | All buds destroyed 
, of sodium cyanid ! per 100 cubic from hibernac- | _ by larve. 
| feet. | ula. 

ra 12 | Fumigated for 1 hour with 2 ounce | Mar. 3 |...-.. dO v5.2 eee Nearly all buds 
| of sodium cyanid ! per 100 cubic were destroyed 
feet. by larve. 

Til | 12 | Fumigated for 1 hour with 1 ounce’|...do-....| Anumber oflarve|.Some buds- were 
of sodium cyanid ! per 100 cubic emerged from damaged by 

feet. hibernacula. larve. 

IV | 12 | Fumigated for 1 hour with 1 ounce |...do-...-|.....do-...........| A good many buds 
of sodium cyanid 2 per 100 cubic destroyed by 
| feet. larve. 

V | 12 | Fumigated for 1 hour with 13 ounces |...do-...| Nolarve emerged | Budsdidnotunfold 

of sodium cyanid! per 100 cubic | from _ hiber-| well. 
feet. nacula. | 

VI} 12 | Check; not fumigated. ...........--- '_..do....| Larve emerged | All buds were de- 
ent hibernac- stroyed by larve. 
ula. 

VII | 15 | Fumigated for 1 hour with 13 ounces! Mar. 29 | Nolarvz emerged | No injury to buds 
ot sodium cyanid ! per 100 cubic fee hibernac- from fumigation. 
eet. a. 
Vill 15 | Fumigated for 1 hour with 2 ounces |...do.-..-|....-d0..........-.. No injury to buds 
sodium cyanid ! per 100 cubic from fumigation. 
eet. 
HEX 15_| Check; not fumigated. ........-.-.-.- |...do....| Larve emerged | All buds destroyed 
| from hibernac- by larve. 
ula. 
1 Used formula 1-2-3, 2 Used formula 1-1-3. 


It will be noted in Table XXI that strengths of sodium cyanid 
of 4, 2, and 1 ounce per 100 cubic feet failed to destroy the larve 
after one hour of exposure, while strengths of 14 and 2 ounces per 
100 cubic feet killed all larve. It is to be regretted that in these 
experiments a strength of 14 ounces was not used, as it was found 
that while 1 ounce was not enough, 14 ounces destroyed larve while 
in the winter cases. Although the maximum strength used (14 
ounces per 100 cubic feet of space) is considerably in excess of that 
commonly employed in the fumigation of ordinary nursery stock, 
these experiments indicated that, while in a dormant condition, the 
pecan was perfectly capable of enduring the greater strength without 
injury. . 

In fumigation for the pecan leaf case-bearer materials should be 
used according to the followmg formula: 1-13-2. This means 
that 1 ounce (avoirdupois) of sodium cyanid, 14 fluid ounces of 


reef 
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sulphuric acid, and 2 fluid ounces of water should be used to each 
100 cubic feet of space inclosed. In purchasmg sodium cyanid 
it is essential to obtain a high-grade product, 96 to 98 per cent pure, 
or, in Other words, one that contains not less than 51 per cent of 
cyanogen. Commercial sulphuric acid, specific gravity 1.84 (66° 
Baumé), which is approximately 93 per cent pure, should be used 
for fumigation in order to obtain the best results. 


SUMMARY. 


Although the pecan leaf case-bearer is preyed upon by a number 


of parasitic insects and several species of birds, it was found during 


a course of studies extending over a period of three years that 
neither the parasites nor any other natural checks could be relied 
upon to control it, but that certam artificial measures were suc- 
cessful. 

It was found impossible successfully to control the pecan leaf 
case-bearer during the dormant season, at which time the larve 
were in hibernacula around the buds. Of the various spray materials 
tried for the destruction of hibernating larve, commercial lime- 
sulphur solution at the strength of 1:8 and 1:10 gave the best 
results, but this method failed to destroy a sufficient number of 
the larve to justify its use. Tests with miscible oils at 1 : 12, 
1:15, 1:18, and 1 : 20, and 10 and 20 per cent kerosene emul- 
sions applied during the dormant season were found to be ineffective. 

Because of the manner in which the larve feed upon the buds 
and foliage, the pecan leaf case-bearer in the active larva stage 
during the spring was not satisfactorily controlled. Sprayimg ex- 
periments, using a single application of arsenate of lead (paste) at 
3 pounds to 50 gallons of water, 40 per cent nicotine sulphate at 
1 :700, and commercial lime-sulphur solution at 1 : 40, were tried 
on orchard pecan trees as the larve emerged from their hibernacula, 
at which time the buds were beginning to unfold, but none of these 
materials proved effective. Two applications of arsenate of lead 
(paste) at 3 pounds to 50 gallons of water were made on large pecan 
trees, the first as the larve emerged from their winter cases and the 
second eight days later. This treatment destroyed many larve but 
was not entirely effective. _ 

Experiments in spraying with certain strengths of lead arsenate, 
conducted during the summer (August), gave very satisfactory 
results in the control of this pest, as it was discovered that the 
young larve might be destroyed readily at this stage. Based on a 
large series of dosage tests with lead arsenate, conducted on orchard 
pecan trees, it was found that no strength weaker than 1 pound of 
the powdered form or 2 pounds of the paste to 50 gallons of water 
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could be relied upon to control the case-bearer. Paste lead arsenate 
at 1 pound and 13 pounds or the powdered form at 4 pound to 50 
gallons of water did not give satisfactory results, but the case- 
bearer was controlled equally as well with 1 pound of the powder or 
2 pounds of paste as with 14 pounds of the powder or 24 or 3 pounds 
of the paste to each 50 gallons of water. 

In conducting extensive spraying experiments it was soon dis- 
covered that pecan folage is more or less susceptible to arsenical 
burning. Experience showed that it was unsafe to spray pecan 
trees with lead arsenate without adding at least 3 ese of stone 
lime to each 50 gallons of water. 

Fumigation experiments on the hibernating larve on pecan twigs 
and pecan nursery trees demonstrated that the larve could be 
destroyed by fumigating for one hour with 14 ounces of sodium 
cyanid per 100 cubic feet of space inclosed. 


RECOMMENDATIONS FOR CONTROL. 


Experimental work extending over a period of more than three 
years has shown conclusively that no matter how badly an orchard 
may be infested, the pecan leaf case-bearer can be controlled success- 
fully by a single application of an arsenical solution combined with 
lime, if made during the latter part of summer. Experiments have 
shown that the best results are obtained by using 1 pound of the 
powdered, or 2 pounds of the paste arsenate of lead and 3 pounds of 
freshly slaked lime to each 50 gallons of water. Under no circum- 
stances should arsenate of lead be used without the addition of lime, 
as more or less injury to the foliage and nuts is likely to follow. Itis 
evident that spraying may be done with equal effectiveness at any 
time between the first of August and the middle of September. 
Spraying earlier than August 1 is not to be relied upon as being fully 
effective, since all of the eggs will not have hatched by this time, 
and during the course of the spraying it is considered advantageous 
to the work to have all larve feeding upon the foliage. There is 
also some danger in delaying the spraying in the fall, as observa- 
tions have shown that some larve seek hibernation quarters toward 
the latter part of September, although the majority of them do not 
construct winter cases until the first week or so in October. It 
should be borne in mind that only the larvee which feed on poisoned 
foliage are killed, and those escaping pass the winter in hibernacula 
around the buds and come forth in the spring to feed upon the buds 
and young leaves. . Therefore, all who would combat successfully 
the pecan leaf case-bearer must realize the importance of thorough 
and timely spraying. : 


THE PECAN LEAF CASE-BEARER, Diy, 


LITERATURE CITED. 
(1) Ritey, C. V. 
1872. Therascal leaf-crumpler—Phycita[Acrobasis]nebulo. (Lepidoptera, Phy- 
cidae.) Fourth Annual Report on the Noxious, Beneficial and Other Insects 
$ of the State of Missouri. 145 p., 66 fig. Jefferson City. 
4 Pages 38-42: Described as a variety of Phycita (Acrobasis) nebulo Walsh. Original descrip- 
tion of nebulella. 

(2) Raconot, E. L. 

1887. Diagnoses of North American Phycitidae and Gallente 20 p. Paris. 
Page 4: Original description of Acrobasis palliolelia. 


(3) Hutst, G. D. 
1888. Newgenera and species of Epipaschiae and Phycitidae. Jn Ent. Amer., 


v. 4, no. 6, p. 113-118. 
Pages 116-117: Original description of Acrobasis albocapitella. 
(Derren 
1890. The Phycitidae of North America. In Trans. Amer. Ent. Soc., v. 17, 
p. 93-228, pl. 6-8. 
Page 121: Mentions the fact that Ragonot pronounces albocapitella Hulst the same as his 
+ palliolelia. Descriptions of both. Canada is the locality given. Page 131: Riley’s description 
of the variety nebulella of M. indiginella Zell., as it appeared in his Fourth Report on Insects 
of Missouri. 


(5) Ragonot, E. L. 
1893. Monographie des Phycitinae et des Galleriinae. 658 p., 23 pl. Saint 
Petersbourg. [Jn Romanoff, N. M. Mémoires sur les Lépidoptéres, v. 7.] 
Page 92: Treats Acrobasis palliolella. Page 119: Treats Acrobasis indiginella Zell., var. 

nebulella Riley. 


(6) Gossarp, H. A. 
1901. Report of the Entomologist. Jn Fla. Agr. Exp. Sta. Rpt. for 1901, 
p. 58-75. 
Pages 63-64: Injury by Mineola juglandis and Acrobasis caryae in Florida. It appears that 
theinjury should have been accredited to Acrobasis nebulella Riley. 


(7) Dyan, H. G. 
1902. <A List of North American Lepidoptera. U.S. Nat. Mus. Bul.52. 723p. 
Page 418: A. palliolella Rag. listed with albocapitella Hulst assynonym. Page 420: nebulella 
Riley as a variety of Mineola indiginella Zell. 


(8) GossarD, H. A. 
1902. Report of the committee on entomology. In Trans. Fla. State Hort. 
Soc. for 1902, p. 101-105. 
Pages 101-102: Brief mention of what is undoubtedly this species, but it is called the pecan 
bud-worm. 
(9) Fiske, W. F. 
1902. Notes on certain injurious insects in Georgia. In Proc. Ga. State Hort. 
Soc. for 1902, p. 68-85, 7 fig. 
Pages 70-72: Gives life-history notes and suggests remedies for the pecan leaf-crumpler, pre- 
sumably this species. 
(10) CurrrenpEN, F. H. 
1903. The principal injurious insects in 1902. U. 8. Dept. Agr. Ybk. for 
1902, p. 726-733. 


Page 731: Brief mention as doing damage to pecan buds in Georgia. 


(11) Herrick, G. W. 
) 1904. Insects injurious to pecans. Miss. Agr. Exp. Sta. Bul. 86, 42 p., 24 fig. 
Page 34: Reference to Dr. Chittenden’s report as given above. Life-history notes under 
Acrobasis sp. given, but itis quite likely that the insect referred to is Proteopteryr bolliana Sling. 


(12) Gossarp, H. A. 
1905. Insects of the pecan. Fla. Agr. Exp. Sta. Bul..79, p. 285-318, 7 pl. 
Pages 292-296: Description of stages, life history and habits, natural enemies, and remedies. 
Confusss notes and photographs on this species with that of Proteopteryz bolliana Sling. 


28 BULLETIN 571, U. S. DEPARTMENT OF AGRICULTURE. 


(13) Dyar, H. G. 


1909. Notes on the species of Acrobasis, with descriptions oi new ones. [Lepi- 
doptera, Pyralidae, Phycitinae.] Jn Proc. Ent. Soc. Wash., v. 10, no. 1, 
1908, p. 41-48. 
Pages 44-45: Notes on both A. palliolella Rag. and A. nebulella Riley, but states that he 
expects it will be found that palliolella is not more than a variety of nebulclla Riley. 
(14) Herrick, G. W. ; 
1909. The pecan case-bearer. Tex. Agr. Exp. Sta. Bul. 124, 10 p., 5 fig. 
General account of the species with incomplete life-history notes. 
(15) WorsHay, E. L. 
1910. Some important insect pests and plant diseases affecting the pecan. 
In Proc. Ga. State Hort. Soc. for 1910 (Ga. State Bd. Ent. Bul. 33), p. 118-122. 
Page 119: Brief mention. 
(16) CuITTENDEN, F. H. 
1911. Insect enemies of the pecan. In The Nut Grower, v. 10, no. 3, p. 40-48. 
Page 41: Brief mention. - 
(17) Gossarp, H. A. 
1913. Various insects affecting nut trees. Jn Amer. Fruit and Nut Jour., 
v../,.n0..99; p. 4-11, 19, 17, fig. 
Page 10: Makes known the fact that errors crept into his publication on “ Pecan Insects” 


(Bul. 79, Fla. Agr. Exp. Sta.) in regard to the pecan case-bearer and bud-moth. Gives a very 
brief mention, with suggested remedy. 


(18) Guu, J. B. 
1914. The pecan case-bearer. Jn Proc. Fla. Hort. Soc. for 1914, p. 148-150. 
Gives general account, with remedy. 
(19) CrawForpD, J. C. 
1915. The genus Secodella in North America. In Proc. Ent. Soc. Wash., 
v. 17, p. 142-144. 


Page 143: Gives the original description of this parasite, which was reared in numbers from 
overwintering larve of Acrobasis nebulella Riley. 


ADDITIONAL COPIES 


OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 
GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 

AT 


5 CENTS PER COPY 
A 


WASHINGTON : GOVERNMENT PRINTING OFFICE : 1917 


. - = —_ "o'r . aie ite d “ -* Soa 


“ * aad mye te eM tame ~ a 
- ener + eta 7 sin . , . . — ee ee = 
; : — “ee yf ern An rain ya's NN ee Orage ay URES tiga Hae ~~? a - 
- ~ - : ee SS oe ied 7y* ~ Ae? Pe% Pm oe he em es a ne . 
q ~ ond view ote sins hea Ama WE Ni Tr OR Aree Me ip o 
~ ~ . : . ~ 
; 9 7 _ ise - 
7 —— + ~~ sapere 
oe ~~ “ - + 
arreivth angen anatase dlinadn ee - . ae en a 7 _— ~ 
me \ . . 
— 7 - _— = = - ~ 
™ — ~- 1* 
a Apome = 
' 6 ~ ’ asquenny Soi ~——s » ~ 
a ao iain ie “> Sahn a he St papas . ~ ” 
. ’ a ; - : ~~ - a ~ 
ae ce lian a ~ —- ~ _— * - 
. =e oxi a Z cehitorip tty ek-s a 
“- ae et “pete far ipaetigmaded prey war wo ~~ 
+ me - ee ee » oe te ee ? 
See Aig a NE (ne yh me me a Pores waanty _— 
+ ewe ae tet ye ~ ~~. osm we re ve 
+o ay eae ja tae ~—— . 
ee ane - +. ee - ote te 
a _ _ . wee ee es me ~ ~ 
~~ poet ~~ - = — a 7 
+ om ~ a a “- eee a ee 
ey We ee eX - anime a es “ 
" Oe el Se ~ - oe te AS thyme cht, tin, © - 
ed ey Alyy a ys a at ee 
fee EE. Aa te he yte Sefer vee eR, tee ee rs ——. 
Rowe ter —— nn ype, Pat teen a 
Ore he nett ty, a. ee Data engage atl e458 . 
Or ee Oe me ee ro ee eee ee i 
retaining ae beta anmae ee OP Ne, ene Oy tag tate tot Owe, - ne ” - 
WRG NEA Mone ° en “~ el tt te ot ee 
a “ a the « y Patan eyes me satiated ~ a = 6K -o% owt ~ 
ds - 5 sep “v ee wade Cee ys _— ° ~~ . ues te ent - 
en ee ee ee en Pa A rere © Styhunptys Sutemy ayo ot Papa ets A oar a sat > py eke WN 
a hal ae hel eee, he ee A Lee) ee ees inh, Rie Gael Noe a » vengaeoen, Fane eee 
ta el eh my a ie ey rein “ " * a Sane 
~ Ne eGR Rami ai Maas Bh, rents >o4 . meet 
PR mgt ye ait, ac le + probed - - . 
i‘ vy en an ee Der pe oe 
— rn Sw en, AOA ASE lay - tre ~~ - 
> ©.cyetiarreieniinde Utd. ds ek ae > By 
« ~ > - 
a RN tri NE Nr AP) al hetntaet 
aot Parga oy . ° 
Seer Se eral SN UMass 
ry ES ry A PIE TS ig AS Aya, tl nny 
PEN Ane een, ming lid 
uM 


AC SE A cmon ; 


EE wh Oe Eee ny Ae twee 
SR OE I OEE AEE 


ee ress ae ot 
AH ne 
, nO poets eet lal ed 


Ped ee a ee cea ety 
, ad “a ; MEA. ter 
vee > yep ere \carab rere 4hciaay gre sien final Ste yore a 9a sya dep aeare ee beans 


Revintiearew sso eye Sceoemene ment reas yom ney 6 a yet 


ae 
i ne . aia 
- X ¢ ¥ aopay ’ ro 4 
a tes hee rw 
bilo WO La seey bata cn. apes SP es heme stow beuteledinaeeorereeet frabeayy woh swe ge we, 
FOUOOAY olbuaotewetens tare lanes tae Ste ate hb weiaatnanen taal doen TL planed ety 

niwheaaeanes Minin teesoruhalecduntenceheerl PRA Shh + VEAL pied ohms ‘ pe pratncs many S 

Siemens ottecrr ters Weegee gents reer emt 
eaves Teatteians br? ty Haein be ra “ =A oh yh meena Birth Se'y i VF IAW end ots - 

Pad ihe boon Se Lait gree Tea ea Ph h “beirut Palen Decent pnt Omang ade ifhebals 2 . a ¥ ' - ae 

Pe saree apart Meh ss chess Al. h he taslig apache bles puted lnde parr taAtamhd” “Ads sepa rah hope aeeb maaan PAL atale Ae bemmtorly WA! loved Oe ‘ f an . ae SS 
Fete habe ltd ms a. PER ah Ply Ob WAG Pd ae Mer phy Aire ngrkle DoW APs weird Gol) WF ie Me ems we atti ver ren . \ ; ‘ ‘ , , , hu Aare > ayant evuapscepuesnaacsos: Gives rm 
PAA fo det preps ony 8 PN Ohm Vineotoewan ys irra terprecace-pryeererwear wrnPes Aaa ir WA Or gas tome 9 , Mo cael peed da Ae a ns - =r arn re “ rag co soe pron ao y— sat tye iek scab tea ay shaw 
LOU £4108 U SD Seo dngrunginme sy, fat Ry" Laver Wauearunen rove ores ley wb ~ dower 4 Aaah Paget. had ee pga at dh Pate ya Ne r ‘ ‘" ! so ’ jy 0 eres ee Foktt the 
bP epee Ae iol bie, eleven eee tO ge ee Ys te See nee ee ees ee we ny wala : “ d P - es a 4 pyty pad Pippa mhone rte tit sreneepag es yapepe ren tenia erat a se pert mtd 9 94s 

ores EMPUMEDOvWay sora cuteee alot ery ee icdrrmdeterjpemntrag> May ie? + Pie tadeitel, Ae Hongda ap vine Wes dedi siiy eis vveey pot snot savant oe . * . m pwned 1 sere eccesrrs sLpertsse as Doel pperoesetees 
On typdo lt mday over nal etek hatte te arearrttnnt » Adphal ot te WAN CBee emitters ear Pew un dee ee " ay “. , , Meccartic toa teacpsepce Sua aeser 

% ba ~ . « , 66 et free © ~ 
ce caadeda@heniat.? Eee Oe ent Oe a a eee ee ee me het Rha em er na be tbe 9 nal Ons bodied qt ae eeeliAutiah, . by m1 “ ~ t~ tn 8 ett <4 eng Hye on 
ihe 4 Mam. bn *» an A tee pot ll ote 4” G4 re , eee Ais A - 


